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Summary 

The  objective  of  our  program  is  to  investigate  the  mechanisms  of  ultrashort  pulse  laser 
retinal  injury  and  to  develop  and  apply  new  diagnostics  for  the  assessment  of  retinal  injury. 
During  the  past  contract  period,  we  have  focussed  on  the  development  of  a  new  diagnostic 
technique  called  optical  coherence  tomography  (OCT)  for  the  noninvasive  measurement  of 
ocular  and  retinal  structure. 

Noninvasive  Imaging  of  Retinal  Structure  using  Optical  Coherence  Tomogra¬ 
phy 

Working  in  collaboration  with  investigators  at  MIT  Lincoln  Laboratory  and  the  New 
England  Eye  Center,  we  have  developed  technology  for  performing  optical  coherence  to¬ 
mography  on  patients  and  have  begun  a  survey  study  on  human  subjects  with  different 
retinal  diseases.  Optical  coherence  tomography  (OCT)  is  a  new  non-invtisive  diagnostic 
which  provides  cross-sectional  images  of  tissue  with  10  pm  longitudinal  resolution.  The 
time-of-flight  delay  of  light  reflected  from  different  depths  in  the  retina  is  determined  with 
high  sensitivity  and  high  resolution  using  low-coherence  interferometry.  Two-dimensional 
tomographs  of  optical  backscattering  in  the  eye  are  obtained  in  a  mzmner  analogous  to  ul¬ 
trasound  B-scan.  We  have  developed  a  high  speed  OCT  instrument  optimized  for  clinically 
relevant  tomography  of  the  human  retina.  Imaging  is  performed  in  a  manner  compatible 
with  slit-lamp  indirect  ophthalmoscopy  so  that  optical  tomography  may  be  accomplished 
simultaneously  with  normal  ophthalmic  examination. 

We  have  used  OCT  in  vivo  to  examine  over  200  patients  with  a  variety  of  retinal 
diseases.  In  patients  with  macular  pathology,  the  cross-sectional  view  provided  by  OCT 
is  particularly  useful  in  evaluating  full  and  partial- thickness  macular  holes,  detachments 
of  the  neurosensory  retina  and  retinal  pigment  epithelium,  macular  edema,  and  macular 
degeneration.  Quantitative  measurements  of  retinal  thickness  and  the  extent  of  retinal 
detachments  with  OCT  enable  objective  monitoring  of  diabetic  retinopathy  and  conditions 
involving  retinal  detachment.  OCT  can  also  profile  the  thickness  of  the  retinal  nerve  fiber 
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layer  with  high  resolution,  which  is  potentially  important  for  the  assessment  of  glaucoma 
progression.  Preliminary  studies  of  measurement  reproducibility  have  been  performed  in 
a  cross-section  of  patients  with  various  stages  of  glaucoma,  and  OCT  results  have  been 
correlated  with  visual  field  testing  and  fundus  photography.  These  studies  suggest  that 
OCT  has  the  potential  to  become  a  standard  clinical  diagnostic  in  ophthalmology. 

In-Vivo  Imaging  of  the  Evolution  of  Retinal  Laser  Lesions  using  Optical  Co¬ 
herence  Tomography 

Working  in  collaboration  with  investigators  from  the  Armstrong  Laboratory  at  Brooks 
Air  Force  Beise,  the  Medical  Center  of  Lubeck  Germany,  and  Duke  University,  we  have 
performed  the  first  studies  which  use  OCT  to  noninvasively  measure  the  evolution  of 
retinal  lesions  produced  by  different  laser  retinal  exposure  parameters. 

The  knowledge  of  the  morphology  and  healing  response  of  ocular  laser  effects  is  al¬ 
most  entirely  based  on  histopathological  findings.  Preparational  artifacts  and  only  rough 
pin-point  sampling  of  the  time  course  of  these  effects  limit  our  current  understanding  of 
the  biophysical-,  medical-  and  safety  aspects  of  Iziser-generated  effects  in  the  eye.  Optical 
coherence  tomography  (OCT)  provides  an  approach  for  studying  the  initial  evolution  and 
the  biological  response  of  laser  retinal  effects.  Laser  injury  from  pulses  ranging  from  sev¬ 
eral  100  ms  to  90  fs  in  duration  were  investigated.  Therapeutically  desirable  effects  such 
as  mild  and  heavy  retinal  argon-laser  coagulations,  side  effects  ’  and  preretinal 

hemorrhages  and  highly  localized  ultrashort  laser  pulse  effects  in  thv  jl  were  produced 
in  rhesus  monkey  eyes  and  imaged  at  times  between  a  few  seconds  ana  several  days  after 
exposure  using  on  line  OCT.  Video  ophthalmoscopy  during  the  actual  experimental  proce¬ 
dure,  fundus  photography,  as  well  as  light  microscopy  of  the  laser  effects  at  related  times 
post  exposure,  were  performed  and  correlated  with  the  OCT  images. 

Preliminary  results  show  the  potential  and  limitations  of  OCT  as  a  non- invasive  in  vivo 
diagnostic  tool.  Structural  changes  such  as  gross  tissue  destruction  or  pre-  and  subretinal 
hemorrhages  are  clearly  visible  and  easily  localizable  with  a  lateral  and  axial  resolution  on 
the  order  of  10  /xm.  Thermal  effects  in  the  neural  retina  including  sub-  and  intraretinal 
edema,  even  if  bearly  visible  ophthalmoscopically,  are  identifiable  in  the  OCT  images  and 
can  be  monitored  on  a  second  time  scale.  Ultrashort  laser  pulse  effects  are  only  visible 
with  OCT  if  the  localized  damage  in  the  retinal  pigment  epithelium  and  the  outer  retina 
leads  to  changes  in  the  tissue  structure  such  as  leakage,  edema  or  microdisruption. 
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AGREEMENT  TYPE:  1 


CURRENT  MONTH 


FISCAL  YTD 


CUMULATIVE 


TOTAL  DIRECT  EXPEND! TURFS 


INDIRECT  EXPENDITURES 


_ INDIRECT  EXPENSE 


INDIRECT  EXPENSES  ON  OFF 

BljUJING  RATES  ;(B/R);  i  i  S2.00%  ;  12.05% 


TOTAL  EXPEND  I TURES 


UNEXPENDED  Balance 

ACCOUNTING  U.SF  ONLY 


BILLINGS  TO  SPONSOR 
BILLED  TO  DATE 

UNBILLED  CO.ST 


2,721 . 19 
16,048.61 
2,178.84 


4,554.67 

25,503.31 


;  ;  1,666.67 

BUDGET 


3 ,631.00 
13,888.00 
1,777.00 
7,810.00 


27,106.00 


11,673.00 


